All data are fully available from the Mexican National Health and Nutrition Survey 2012 site: <http://ensanut.insp.mx/basesdoctos.php#.VDMbovl5N1Y>. Data are also available at Dryad: [10.5061/dryad.km484](http://dx.doi.org/10.5061/dryad.km484)

Introduction {#sec005}
============

Chronic diseases (CDs) are currently the primary cause of death worldwide, leading to more deaths annually than all other causes combined \[[@pone.0145177.ref001]\]. In 2008, approximately 63% (i.e. 36 million of 57 million) of deaths worldwide resulted from CDs, of which 48% (17 million) and 21% (7.6 million) were due to cardiovascular diseases and cancer, respectively \[[@pone.0145177.ref001]\]. Furthermore, CDs account for 54% of the global disability-adjusted life years \[[@pone.0145177.ref002]\]. The United Nations Secretary General Ban Ki-Moon described CDs as a "public health emergency" \[[@pone.0145177.ref003]\]. According to the World Economic Forum, each 10% rise in CD prevalence is associated with 0.5% lower rates of annual economic growth \[[@pone.0145177.ref004]\]; thus, CDs have been identified as a global risk and threat to economic development \[[@pone.0145177.ref001]\]. Additionally, the World Health Organization estimates that CD deaths will increase by 15% globally between 2010 and 2020 \[[@pone.0145177.ref001]\].

Around 45.6 million CD deaths occur annually in low- and middle-income countries \[[@pone.0145177.ref001]\]. In Mexico, CDs represent the greatest challenge for the national health system \[[@pone.0145177.ref005]\]. Indeed, CDs led to 437,800 deaths in a population of 111.2 million in 2008, and accounted for 71% of the total disability-adjusted life years in 2010 \[[@pone.0145177.ref001],[@pone.0145177.ref006],[@pone.0145177.ref007]\]. Between 2000 and 2012, the prevalence of diabetes increased by approximately 60%, from 5.7% to 9.1%, among adults aged 20 years or older, placing diabetes as the first cause of death \[[@pone.0145177.ref008]\]. In the same period and population, the prevalence of hypertension increased from 30.1% to 31.5% \[[@pone.0145177.ref009]\]. Breast and prostate cancer are also high priority public health problems in Mexico \[[@pone.0145177.ref010],[@pone.0145177.ref011]\]; breast cancer has been the second cause of death among women aged 30--54 years since 2006 \[[@pone.0145177.ref010]\], while prostate cancer is the most deadly malignancy among Mexican men \[[@pone.0145177.ref012]\]. Nevertheless, despite the large burden, access to CD services and effective coverage of interventions in Mexico is reportedly low. For example, the proportion of undiagnosed diabetics represents between 18% and 26% of the total population affected by the disease \[[@pone.0145177.ref013],[@pone.0145177.ref014]\]. Among diagnosed diabetics, only 78% have at least two medical consultations per year \[[@pone.0145177.ref015]\]. Further, compliance with national diabetes control guidelines is low, with only 52.7% of diabetics obtaining a blood glucose test, 14.6% having their feet checked, and 9.6% obtaining an HbA1c test at the time of a regular physician visit \[[@pone.0145177.ref015]\].

The Mexican health system is comprised of public and private institutions. Public institutions are composed of several social security institutes which provide medical health services to persons in the formal economy, the largest of which is the Mexican Institute of Social Security (IMSS). Other public institutions provide health services to persons in the informal economy and the self-employed, the most important being the Ministry of Health (MoH). Private institutions provide healthcare to persons with a capacity to pay, although most Mexicans purchase some health care out-of-pocket \[[@pone.0145177.ref016]\]. In 2013, out-of-pocket expenditure contributed to 44% of the total health expenditure in Mexico \[[@pone.0145177.ref017]\].

MoH provides a comprehensive health services package of 285 outpatient, general hospital, and specialized interventions, including drugs and laboratory and other tests; most of this package is financed from general taxation \[[@pone.0145177.ref018]\]. Of the total MoH outpatient beneficiaries, 83% reported being satisfied with the quality of the medical services received \[[@pone.0145177.ref019]\]. IMSS does not have an explicit health service package and provides, in theory, treatment for all health needs except for aesthetic interventions, including drugs, laboratory and other tests, and prostheses. Beneficiaries also have access to a wide range of social, cultural, and economic benefits. IMSS health services are financed by employer and employee fees, the government, and IMSS self-accrued income from investments, contributing 66%, 31%, and 3% of the total, respectively \[[@pone.0145177.ref020],[@pone.0145177.ref021]\]. Up to 77% of IMSS outpatient care users report being satisfied with the quality of the medical services provided \[[@pone.0145177.ref019]\]. All services included in the MoH benefit package and all care provided by IMSS are free of charge at the point of use.

The MoH and IMSS are the most important health institutions in Mexico, jointly serving to 65% of the Mexican population \[[@pone.0145177.ref022]\]. In 2013, with respect to outpatient medical units, MoH had 68% (14,247) and IMSS 5% (1,141) of the total government health facilities (20,822) and, with regards to hospital medical units, MoH had 55% (734) and IMSS 20% (264) of the total number of hospitals in the public health sector \[[@pone.0145177.ref023]\]. The 2013 total health expenditure was US\$ 17.9 billion dollars for MoH and US\$ 16.1 billion for IMSS, jointly comprising 84% of the Mexican government's health expenditure \[[@pone.0145177.ref017]\].

Medical expenditure projections for selected CDs, such as diabetes \[[@pone.0145177.ref024],[@pone.0145177.ref025]\], hypertension \[[@pone.0145177.ref026]\], breast cancer \[[@pone.0145177.ref027]\], and asthma \[[@pone.0145177.ref028]\], posit a crisis scenario. Despite concerns regarding the economic burden of CDs in Mexico, only a handful of medical care expenditure estimates have been produced, focusing mostly on diabetes, hypertension, and breast cancer \[[@pone.0145177.ref024]--[@pone.0145177.ref027]\]. Furthermore, these estimates are based on hypothetical epidemiologic models and assume compliance with treatment guidelines. To redress this situation, the present study aims to estimate the annual medical care expenditure incurred by the MoH and IMSS, for the most prevalent CDs in Mexico, based on the best evidence available on actual utilization rates and costs for each CD.

Methods {#sec006}
=======

This is a cross-sectional economic study undertaken from the payer perspective. Expenditure incurred by each of MoH and IMSS in catering for the services demanded by the populations is estimated. Nevertheless, expenditure incurred by IMSS affiliates or MoH beneficiaries when using private or other providers is not included in the analysis.

ENSANUT 2012 characteristics {#sec007}
----------------------------

The Mexican National Health and Nutrition Survey (ENSANUT) 2012, a nationally representative survey, was the main source of data. ENSANUT was undertaken in the second semester of 2011 and the first of 2012 and surveyed 194,900 persons, representative of 114.9 million persons. The data used was obtained from the Household Members (HM), Health Services Utilization (HSU), and Adult Health sections of the survey. ENSANUT obtained ethical approval from the National Institute of Public Health's Ethics Committee \[[@pone.0145177.ref029]\].

Definition of the analytical sample {#sec008}
-----------------------------------

The study included only adults (≥20 years old) that reported being beneficiaries of MoH or IMSS, given that these were the only two institutions with a sufficient sample size to estimate expenditure from specific CDs. The study identified the specific CD reported by patients based on the HSU section question, "In the last year, did a doctor diagnose you with any of the following chronic diseases?" The study excluded patients reporting more than one CD, given that ENSANUT did not ask for multiple motives of consultation of hospitalization. Hence, the exclusion avoids inflating expenditure for multi-chronic health care. A total of 20% of the sample reported more than one CD and was thus excluded.

Cases were excluded in a number of conditions. Arthrosis cases were excluded given that ENSANUT failed to be included as an outpatient utilization motive in the HSU section. All cancer cases had to be excluded given that ENSANUT did not ask patients to report the specific diagnosis. HIV-AIDS, cerebrovascular diseases, and rheumatic fever were excluded due to the insufficient number of cases (less than 50). [Fig 1](#pone.0145177.g001){ref-type="fig"} shows the process used to define the analytical sample according to the structure of questions in ENSANUT.

![Filters applied to the original data set to obtain the analysis sample.](pone.0145177.g001){#pone.0145177.g001}

Specification of CD diagnosis {#sec009}
-----------------------------

Respondents were asked to specify the CD diagnosis from a list of generic disease names through the HM section question, "In the last year, did a doctor diagnose you with any of the following chronic diseases?" The researcher then proceeded to read a list of 16 generic disease names, of which the respondent could confirm up to three. The diagnoses reported by ENSANUT were modified to conform to the most prevalent diseases within the family of diseases of the International Classification Diseases 10^th^ version \[[@pone.0145177.ref030]\]. This correction aimed to reduce the bias inherent in the estimation of expenditures for disease families. The correction was based on the best evidence available regarding the most frequent specific diseases within the family \[[@pone.0145177.ref031]--[@pone.0145177.ref039]\]. CDs with important corrections were "diabetes", categorized as type 2 diabetes mellitus (E11), "colitis" as irritable bowel syndrome (K58), "renal disease" as chronic kidney disease (CKD; N18), "arthritis" as osteoarthritis (M15-M19), and "heart disease" as chronic ischemic heart disease (CIHD; I25).

Estimation of health services consumption {#sec010}
-----------------------------------------

### Outpatient health care {#sec011}

Outpatient health care is defined in ENSANUT as any medical consultation that did not require hospitalization and was provided by a general physician or a specialist. Outpatient care also included laboratory and other tests (such as imaging) and drugs prescribed. ENSANUT did not include questions regarding kidney dialysis.

ENSANUT questioned the need for medical consultations in the past two weeks in the HM section through the question, "In the past two weeks, did you receive a consultation due to diseases, disease control, lesions, or accident?" If positive, the respondent was subjected to random sampling to respond to the HSU section. Up to 80% of respondents with CDs were sampled. In the HSU section, respondents were asked to declare the specific motive of medical outpatient consultation through the question, "In the past two weeks, the main reason for medical consultation was..." Respondents freely stated the main consultation motive, which was then codified according to a list of 45 possible responses. Data for respondents that did not state one of the nine CD diseases analyzed was excluded from the analysis. Furthermore, data was also excluded if the CD diagnosis reported in the HM section did not coincide with the CD reported as the motive of utilization.

The average number of medical consultations per patient per year for each CD was calculated by estimating the probability of health service utilization for persons reporting each specific CD. The number of medical consultations per year for each CD were imputed by dividing the total number of persons reporting a specific CD diagnoses in the last year by the total number of persons who utilized health services in the past two weeks. Given that only a sample of respondents was selected to provide information on service utilization in the HSU section, the probability of selection was calculated for each CD and used to weigh the imputed figure. These probabilities were then multiplied by the number of fortnights in the year (26.1).

The average proportion of medical consultations provided by general physicians and specialists for each CD were obtained from the question, in the HSU section, "Who provided care when you attended the consultation?" Respondents reported whether laboratory and other tests were ordered and the number of drugs prescribed as part of a medical consultation in the last two weeks. This information was obtained from the HSU section through the question, "In the medical consultation, did the physician ask you to have any lab or other tests (for example, blood or urine, x-rays, ultrasound, electrocardiogram)?" Information for drugs was obtained from the HSU section through the question, "In the medical consultation, how many drugs did the physician prescribe you?"

However, ENSANUT does not provide information regarding the kind or number of laboratory and other tests or the specific drug or dosage prescribed. To fill these gaps, this information was estimated by an expert panel based on the CD diagnosis reported by the beneficiaries for the consultation in question. The expert panel was asked to provide the missing information based on the Mexican clinical practice guidelines for each CD presented \[[@pone.0145177.ref040]\]. Therefore, it was assumed that the health care consumption for laboratory and other tests and drugs followed the clinical guidelines. The expert panel consisted of two independent general physicians. When in disagreement, another general physician was asked to provide a third opinion. To ascertain the drugs prescribed, the expert panel was asked to name up to three drugs, in the order established by clinical guidelines. Thus, the type and average number of laboratory and other tests as well as the type, average number, and average dosage of drugs for each CD were identified. The information provided by the expert panel was assumed to be the same for MoH and IMSS patients given that guidelines were developed by a joint institutional committee \[[@pone.0145177.ref040]\]. Drug consumption estimations assumed that all drugs prescribed were filled, supported by the fact that IMSS beneficiaries obtain their drugs from the provider in 95% of cases \[[@pone.0145177.ref021]\], while MoH beneficiaries do so in 90% of cases \[[@pone.0145177.ref041]\].

Given that ENSANUT does not include the consumption of kidney dialysis, this was estimated for beneficiaries who reported a CKD diagnosis and motive of utilization. The consumption was calculated using information reported in the scientific literature; the number of kidney dialysis sessions was differentiated in the literature for each of MoH \[[@pone.0145177.ref042]\] and IMSS \[[@pone.0145177.ref043]\]; the proportion of peritoneal dialysis and hemodialysis treatments received was estimated for the sample as a whole. The type of kidney dialysis was randomly imputed to the beneficiaries based on the proportion of patients expected in each kidney dialysis scheme \[[@pone.0145177.ref044],[@pone.0145177.ref045]\]. The prevalence of the number of persons in need of kidney dialysis was assumed to be the same for MoH and IMSS.

### Hospitalization {#sec012}

Hospital care was analyzed according to the number of hospitalization days and the use of general ward and intensive care unit (ICU) beds. The use of hospital care was observed from the question in the HM section, "In the last year, were you hospitalized or admitted?" Beneficiaries who reported hospitalization due to illness or surgery were included in the calculation of the number of total bed-days. The hospitalization cause was observed through the question of the HM section, "Why were you hospitalized in the last year?" The number of total bed-days was observed from the HM section question, "In total, how many days were you hospitalized in the last year?" Hospitalizations with an outlier number of bed-days (fourteen cases) were assigned a maximum of 30 bed-days in order to avoid biasing the health expenditure mean for each CD by accounting days that could have responded to other reasons besides the CD in question.

Given that ENSANUT does not differentiate between bed-days spent in general ward and those in ICU, this information was obtained from estimations based on Mexican data for Diagnostic-Related Groups \[[@pone.0145177.ref046]\] for each CD, except for hypertension and type 2 diabetes, for which the scientific literature was consulted \[[@pone.0145177.ref047]\]. This ratio was assumed to be the same for MoH and IMSS.

Cost of health services {#sec013}
-----------------------

For MoH, the costing sources listed below were used. General physician and specialist consultation costs were observed from the Universal Catalogue of Health Services (CAUSES for its acronym in Spanish), a financial tool widely used by the national MoH payer to fund local government health service providers \[[@pone.0145177.ref048],[@pone.0145177.ref049]\]. The costs for laboratory and other tests were obtained from the fee schedule of a representative local health service provider \[[@pone.0145177.ref049]\]. Prices for drugs were obtained from the 2012 mandatory federal purchasing guidelines \[[@pone.0145177.ref050]\]. The costs for dialysis and hemodialysis sessions were obtained from activity-based costing published in the scientific literature \[[@pone.0145177.ref043],[@pone.0145177.ref049]\]. The cost for ICU bed-days was obtained from the CAUSES catalogue \[[@pone.0145177.ref048]\]. The general ward bed-day cost was obtained from the top-tier fee schedule of a representative MoH general hospital in Mexico City \[[@pone.0145177.ref051]\]; the top-tier is representative of health services production costs \[[@pone.0145177.ref052]\].

For IMSS, the costing sources detailed below were used. The official fee schedule for services rendered to non-beneficiaries was employed for general and specialist physician consultations, laboratory and other tests, and bed-days in general ward and ICU \[[@pone.0145177.ref053]\]. Published purchase reports were used to obtain costs for drugs \[[@pone.0145177.ref054]\]. As with the MoH, dialysis and hemodialysis costs were obtained from the published literature for IMSS-specific activity-based costing \[[@pone.0145177.ref043],[@pone.0145177.ref055]\].

All costs are presented in current US dollars for 2014, adjusted using the consumer price index as necessary and undertaking a foreign currency conversion using annual exchange rates published by the International Monetary Fund \[[@pone.0145177.ref056],[@pone.0145177.ref057]\].

Statistical analysis {#sec014}
--------------------

Annual health services consumption expenditure per CD was calculated by multiplying the quantity of services consumed by the unit cost of each health service. The annual total expenditure per patient per CD was obtained by adding the expenditure from medical consultations, laboratory and other tests, prescribed drugs, and hospitalization days. For CKD, the cost of kidney dialysis was also included. The 95% confidence interval for the total annual expenditure per CD and per expenditure component was calculated using the bootstrap technique based on 500 resampling exercises. Herein, confidence intervals reflect only the variation in health care consumption and do not reflect cost vectors. A bivariate statistical analysis using Wald test was performed to explore the difference in health services consumption between MoH and IMSS. All data were analyzed in Stata 10.1 statistical software.

Estimation of the financial burden due to CD for MoH and IMSS {#sec015}
-------------------------------------------------------------

To estimate the financial burden due to the CDs analyzed, the national prevalence of each CD in adults was first identified. As stated above, ENSANUT identifies the beneficiaries with a CD diagnosis by assessing CD diagnoses in the past year. In order to strengthen the inference of current prevalence, the present study obtained CD prevalence from the published literature for all but depressive disorder and CIHD \[[@pone.0145177.ref009],[@pone.0145177.ref034],[@pone.0145177.ref058]--[@pone.0145177.ref062]\], for which ENSANUT enabled an accurate estimation by asking, in the Adult section, "Have you ever been told by a doctor that you have depression?" and "Have you ever been told by a doctor that you have a chronic heart disease?"

In order to estimate the total number of MoH and IMSS adult beneficiaries with a CD, the total MoH and IMSS adult affiliates was first estimated based on official 2012 affiliation reports \[[@pone.0145177.ref006],[@pone.0145177.ref022]\]. The prevalence per CD was then multiplied by the total adult affiliates. In order to estimate the total number of adult CD beneficiaries who consumed outpatient health services per year, the number of beneficiaries with a CD were multiplied by the percentage of beneficiaries who consumed health services according to the published literature \[[@pone.0145177.ref063]--[@pone.0145177.ref069]\]. In this case, ENSANUT could not be used given that consumption data is only available for those beneficiaries declaring having used services in the last two weeks. Thus, it was not possible to infer which patients had not used services at all in the past year. In the case of inpatient care, annual consumption was inferred from ENSANUT given that hospitalization data was obtained for the past year. Finally, to obtain the financial burden for each institution per CD and per expenditure component, the number of beneficiaries with a CD who had consumed health services in the past year was multiplied by the estimated expenditure per CD. The CD financial burden was assessed against the total annual institutional health expenditure per institution and as a percentage of the gross domestic product (GDP) \[[@pone.0145177.ref017]\].

Results {#sec016}
=======

Analytical sample and beneficiaries diagnosed with a CD {#sec017}
-------------------------------------------------------

Overall, 7% (14,270) of those surveyed in ENSANUT declared a physician-diagnosed CD. The resulting sample used to estimate the actual expenditure due to medical care for the selected nine CDs was composed of 5,914 beneficiaries, representing 3.4 million beneficiaries and 45% of the total CD diagnoses at the national level. A total of 3,209 MoH beneficiaries and 2,705 IMSS beneficiaries reported a CD ([Fig 1](#pone.0145177.g001){ref-type="fig"}). For both health institutions, arterial hypertension was the most frequently reported CD, followed by gastritis, type 2 diabetes, and irritable bowel syndrome; these three diseases represent 81% of the reported CDs for both health institutions.

Outpatient health services consumption {#sec018}
--------------------------------------

The use of medical consultations was higher in IMSS beneficiaries, with 12% reporting a consultation in the last two weeks, compared to 10% of MoH beneficiaries ([Table 1](#pone.0145177.t001){ref-type="table"}). CIHD was the only CD where the use of consultations was statistically different across the two health institutions (*F* \<0.05). Beneficiaries in MoH who reported having been diagnosed with CKD (14%) or asthma (13%) had the highest percentage of utilization. In the case of IMSS, beneficiaries with CIHD (17%) or CKD (16%) had the highest percentage of utilization.

10.1371/journal.pone.0145177.t001

###### Number of insured reporting in ENSANUT a chronic diseases diagnose and utilization of ambulatory health service, by health institution.

![](pone.0145177.t001){#pone.0145177.t001g}

  Chronic disease                  Number of persons reporting a CD diagnosis in the last year (%)   \% of persons reporting consultations in the last two weeks   Number of medical consultation per person per year, due to CD   \% of consultation provided by a general physician   \% of consultation provided by a specialist   \% of persons who were prescribed laboratory or other tests   \% of persons who were prescribed drugs                                                                                                                                                                    
  -------------------------------- ----------------------------------------------------------------- ------------------------------------------------------------- --------------------------------------------------------------- ---------------------------------------------------- --------------------------------------------- ------------------------------------------------------------- ------------------------------------------ ----- ------------------------------------------ ----- ------------------------------------------ ----- ------------------------------------------ ----- ------ ------
  Arterial hypertension            1,042                                                             32%                                                           918                                                             34%                                                  12%                                           10%                                                           3.1                                        2.7   95%                                        93%   5%                                         7%    26%                                        37%   92%    93%
  Gastritis                        710                                                               22%                                                           519                                                             19%                                                  7%                                            8%                                                            1.8                                        2.1   97%                                        91%   3%                                         9%    25%                                        36%   97%    95%
  Type 2 diabetes                  486                                                               15%                                                           436                                                             16%                                                  11%                                           13%                                                           2.9                                        3.4   97%                                        87%   3%                                         13%   45%                                        55%   92%    92%
  Irritable bowel syndrome         376                                                               12%                                                           306                                                             11%                                                  7%                                            9%                                                            1.8                                        2.4   82%                                        86%   18%                                        14%   41%                                        19%   94%    95%
  Depressive disorder              139                                                               4%                                                            133                                                             5%                                                   9%                                            12%                                                           2.3                                        3.2   44%                                        67%   56%                                        33%   22%                                        17%   89%    92%
  Chronic kidney disease           130                                                               4%                                                            101                                                             4%                                                   14%                                           16%                                                           3.7                                        4.2   86%[\*](#t001fn003){ref-type="table-fn"}   23%   14%[\*](#t001fn003){ref-type="table-fn"}   77%   50%[\*](#t001fn003){ref-type="table-fn"}   69%   86%    100%
  Osteoarthritis                   114                                                               4%                                                            105                                                             4%                                                   9%                                            13%                                                           2.4                                        3.4   63%                                        73%   37%                                        27%   25%[\*](#t001fn003){ref-type="table-fn"}   64%   100%   82%
  Chronic ischemic heart disease   107                                                               3%                                                            115                                                             4%                                                   7%[\*](#t001fn003){ref-type="table-fn"}       17%                                                           1.7[\*](#t001fn003){ref-type="table-fn"}   4.4   33%[\*](#t001fn003){ref-type="table-fn"}   41%   67%                                        59%   50%                                        53%   100%   94%
  Asthma                           105                                                               3%                                                            72                                                              3%                                                   13%                                           13%                                                           3.5                                        3.4   100%                                       67%   0%                                         33%   31%                                        67%   92%    83%
  Total/Average                    3,209                                                             100%                                                          2,705                                                           100%                                                 10%                                           12%                                                           2.6                                        3.2   77%                                        70%   23%                                        30%   35%                                        46%   94%    92%

Source: Own processing based on ENSANUT 2012 information.

Notes: CD = Chronic disease; MoH = Ministry of Health; IMSS = Mexican Institute of Social Security.

\**F\<0*.*05*.

With regards to the intensity of use of medical consultations, IMSS beneficiaries had 3.2 consultations per person per year, whereas MoH beneficiaries had 2.6, although the difference was not significant. For MoH, the highest number of consultations per person per year was for beneficiaries with CKD (3.7) or asthma (3.5). In the case of IMSS, beneficiaries with CIHD (4.4) or CKD (4.4), had the highest number of consultations. The intensity of use of medical consultations between the two health institutions was statistically different across beneficiaries with CIHD (*F* \<0.05).

Regarding the medical consultations provider, MoH beneficiaries received more consultations from a general physician (77%) compared to IMSS beneficiaries (70%). The percentage of beneficiaries treated by the general physician was significantly different between health institutions for beneficiaries with CKD, and CIHD (*F* \<0.05). MoH beneficiaries diagnosed with asthma reported that 100% of the consultations were provided by a general physician; in contrast, beneficiaries diagnosed with CIHD reported that 67% of the consultations were provided by a specialist. Among IMSS beneficiaries, those diagnosed with arterial hypertension declared the highest percentage of consultations provided by a general physician (93%), while those diagnosed with CKD received the highest percentage of consultations by a specialist (77%).

In general, IMSS prescribed laboratory and other tests to a higher percentage of beneficiaries (46%) compared to MoH (35%), with the percentage being significantly different between health institutions for beneficiaries with CKD and osteoarthritis (*F* \<0.05). Among MoH beneficiaries, 50% and 22% of those with CKD, CIHD and depressive disorder, respectively, were prescribed laboratory and other tests. In the case of IMSS beneficiaries, 69% and 17% of those diagnosed with CKD and depressive disorder were ordered laboratory and other tests, respectively.

The drug prescription rates were 94% and 92% for MoH and IMSS beneficiaries, respectively, no difference being statically significant was found. All MoH beneficiaries diagnosed with osteoarthritis or CIHD, while only 86% of those diagnosed with CKD, were prescribed drugs. On the other hand, all IMSS beneficiaries diagnosed with CKD were prescribed drugs, whereas the lowest prescription rate (82%) was reported for those diagnosed with osteoarthritis.

Hospitalization consumption {#sec019}
---------------------------

Regarding hospitalization rate, 8% and 11% of MoH and IMSS beneficiaries, respectively, had been hospitalized in the past year. Hospitalization rates were significantly different between health institutions for beneficiaries with CKD (*F* \<0.05). MoH beneficiaries diagnosed with CIHD had the highest hospitalization rate (18%), whereas those diagnosed with irritable bowel syndrome had the lowest (3%). Among IMSS beneficiaries, the highest hospitalization rate was observed for patients diagnosed with CKD (35%), while the lowest for those diagnosed with osteoarthritis (4%). The median length of stay for MoH and IMSS beneficiaries was 3 days, for which 88% of bed-days were spent in general ward and 12% in ICU ([Table 2](#pone.0145177.t002){ref-type="table"}).

10.1371/journal.pone.0145177.t002

###### Reported hospitalization by insured diagnosed with a chronic disease in ENSANUT, by health institution.

![](pone.0145177.t002){#pone.0145177.t002g}

  Chronic disease                  \% hospitalized in the last year[\*](#t002fn002){ref-type="table-fn"}   Median length of stay in the last year(min-max)[\*](#t002fn002){ref-type="table-fn"}   \% of hospitalization in general ward[\*\*](#t002fn003){ref-type="table-fn"}   Information source for hospitalization ward          
  -------------------------------- ----------------------------------------------------------------------- -------------------------------------------------------------------------------------- ------------------------------------------------------------------------------ --------------------------------------------- ------ ----------------------------
  Arterial hypertension            5%                                                                      6%                                                                                     3 (1--30)                                                                      3 (1--30)                                     60%    \[[@pone.0145177.ref047]\]
  Gastritis                        5%                                                                      5%                                                                                     3 (1--15)                                                                      2 (1--25)                                     100%   \[[@pone.0145177.ref077]\]
  Type 2 diabetes                  6%                                                                      7%                                                                                     3 (1--30)                                                                      3 (1--30)                                     71%    \[[@pone.0145177.ref047]\]
  Irritable bowel syndrome         3%                                                                      5%                                                                                     1 (1--6)                                                                       2 (1--30)                                     100%   \[[@pone.0145177.ref046]\]
  Depressive disorder              6%                                                                      6%                                                                                     2 (1--8)                                                                       11 (1--30)                                    100%   \[[@pone.0145177.ref046]\]
  Chronic kidney disease           16%                                                                     35%                                                                                    3 (1--30)                                                                      4 (1--30)                                     100%   \[[@pone.0145177.ref046]\]
  Osteoarthritis                   6%                                                                      4%                                                                                     3 (1--4)                                                                       8.5 (4--30)                                   100%   \[[@pone.0145177.ref046]\]
  Chronic ischemic heart disease   18%                                                                     24%                                                                                    4 (1--15)                                                                      7 (1--22)                                     65%    \[[@pone.0145177.ref046]\]
  Asthma                           9%                                                                      8%                                                                                     3 (1--30)                                                                      1.5 (1--15)                                   100%   \[[@pone.0145177.ref046]\]
  Average/median                   8%                                                                      11%                                                                                    3 (1--30)                                                                      3 (1--30)                                     88%    

Source:

\*Own processing based on information of ENSANUT 2012;

\*\*Other information source.

Notes:

\*\*\* = the remaining percentage of hospitalization refers to stay in the intensive care unit; MoH = Ministry of Health; IMSS = Mexican Institute of Social.

Estimation of the annual expenditure per CD diagnosis {#sec020}
-----------------------------------------------------

In relation to the estimated annual expenditure per CD diagnosis and expenditure category for both health institutions ([Table 3](#pone.0145177.t003){ref-type="table"}), the four most expensive CDs were CKD, CIHD, type 2 diabetes, and arterial hypertension. The total annual expenditure for CKD was US\$ 8,966 and US\$ 9,091 for MoH and IMSS, respectively, whereas for CIHD, arterial hypertension and type 2 diabetes the annual expenditure was US\$ 440, US\$ 198, and US\$ 184 for MoH and US\$ 2,800, US\$ 598, and US\$ 691 for IMSS, respectively ([Table 3](#pone.0145177.t003){ref-type="table"}).

10.1371/journal.pone.0145177.t003

###### Average annual health expenditure and confidence interval (95%) per person with any expenditure per expenditure component within each health institution (USD for 2014).

![](pone.0145177.t003){#pone.0145177.t003g}

                                                                Total expenditure(A) + (D) + (E) + (F)   Medical consultation(A) = (B) + (C)   General physician consultations (B)   Specialist consultations(C)   Laboratory and other tests(D)   Drugs(E)         Hospitalization(F) = (G) + (H)   General ward hospitalization (G)   ICU(H)                                                                                                                                      
  ------------------------------------------------------------- ---------------------------------------- ------------------------------------- ------------------------------------- ----------------------------- ------------------------------- ---------------- -------------------------------- ---------------------------------- ------------ ------------ ---------- ---------- ---------------- ------------------- ---------------- -------------------- ---------------- ----------------------
  Arterial hypertension                                         198 (129--268)                           598 (409--786)                        28 (28--28)                           121 (121--121)                26 (26--26)                     106 (106--106)   2 (2--2)                         15 (15--15)                        5 (3--7)     3 (2--4)     1 (1--1)   2 (1--2)   164 (98--230)    472 (279--664)      35 (21--50)      110 (64--155)        129 (77--181)    362 (218--506)
  Gastritis                                                     69 (44--91)                              198 (131--265)                        16 (16--16)                           96 (96--96)                   15 (15--15)                     81 (81--81)      1 (1--1)                         15 (15--15)                        2 (1--3)     2 (1--3)     1 (1--1)   1 (1--1)   50 (26--75)      99 (33--166)        50 (26--75)      99 (33--166)         0 (0--0)         0 (0--0)
  Type 2 diabetes                                               184 (106--261)                           691 (447--934)                        26 (26--26)                           160 (160--160)                25 (25--25)                     125 (125--125)   1 (1--1)                         35 (35--35)                        12 (6--18)   7 (4--10)    1 (1--1)   1 (1--1)   145 (60--230)    522 (247--798)      45 (20--69)      173 (87--259)        100 (46--155)    349 (172--526)
  Irritable bowel syndrome                                      31 (23--40)                              247 (138--357)                        17 (17--17)                           114 (114--114)                13 (13--13)                     87 (87--87)      4 (4--4)                         27 (27--27)                        2 (1--4)     1 (1--3)     1 (1--1)   1 (1--1)   11 (3--20)       131 (26--236)       11 (3--20)       131 (26--236)        0 (0--0)         0 (0--0)
  Depressive disorder                                           81 (42--118)                             570 (252--886)                        26 (26--26)                           176 (176--176)                9 (9--9)                        91 (91--91)      17 (17--17)                      85 (85--85)                        1 (1--3)     1 (1--1)     4 (1--6)   5 (2--8)   50 (13--86)      388 (70--707)       50 (13--86)      388 (70--707)        0 (0--0)         0 (0--0)
  Chronic kidney disease[\*](#t003fn003){ref-type="table-fn"}   8,966 (8,756--9,174)                     9,091 (8,368--9812)                   35 (35--35)                           301 (301--301)                28 (28--28)                     41 (41--41)      7 (7--7)                         260 (260--260)                     19 (5--33)   19 (7--30)   1 (1--1)   1 (1--1)   365 (162--568)   1630 (888--2,373)   365 (162--568)   1,630 (888--2,373)   0 (0--0)         0 (0--0)
  Osteoarthritis                                                103 (51--206)                            354 (56--652)                         24 (24--24)                           110 (110--110)                13 (13--13)                     65 (65--65)      11 (11--11)                      45 (45--45)                        2 (1--4)     7 (2--12)    2 (1--3)   2 (1--3)   75 (27--177)     235 (46--515)       75 (27--177)     235 (46--515)        0 (0--0)         0 (0--0)
  Chronic ischemic heart disease                                440 (211--668)                           2,800 (1756--3847)                    20 (20--20)                           284 (284--284)                5 (5--5)                        76 (76--76)      15 (15--15)                      208 (208--208)                     6 (1--13)    14 (5--23)   1 (1--2)   4 (2--6)   413 (207--618)   2498 (1454--3543)   104 (49--159)    682 (408--957)       309 (136--482)   1,816 (1,026--2,606)
  Asthma                                                        170 (47--294)                            430 (149--710)                        31 (31--31)                           186 (186--186)                31 (31--31)                     96 (96--96)      0 (0--0)                         90 (90--90)                        2 (1--5)     6 (1--11)    4 (2--7)   3 (1--6)   133 (6--260)     235 (53--523)       133 (6--260)     235 (53--523)        0 (0--0)         0 (0--0)

Source: Own processing based on health care consumption identified by the present study.

Notes:

\* = includes expenditure of kidney dialysis (dialysis or hemodialysis), for MoH the expenditure was US\$ 8,546 and for IMSS was \$7,140; CD = Chronic disease; MoH = Ministry of Health; IMSS = Mexican Institute of Social Security; ICU: Intensive Care Unit.

Expenditure for arterial hypertension (the most diagnosed CD) in MoH was due to hospitalization (83%), medical consultation (14%), laboratory and other tests (3%), and drugs (1%). In the case of IMSS, it was due to hospitalization (79%), medical consultation (20%), and laboratory and other tests and drugs (1%, not shown in tables).

For all CDs, annual expenditure was greater for IMSS compared to MoH. The greatest difference was observed for irritable bowel syndrome, with expenditure for IMSS being 7-fold that for MoH. Among the most diagnosed CDs, the estimated expenditure for IMSS for arterial hypertension, gastritis and type 2 diabetes was 2, 1.9 and 2.8 times greater than for MoH, respectively. With respect to expenditure categories, IMSS had a consistently greater expenditure in medical consultations provided by general physicians, specialists, and hospitalizations in general ward and ICU. Regarding drugs, for three (arterial hypertension, depressive disorder and CIHD) of the nine CDs, IMSS had a greater expenditure than MoH, whereas the expenditure level was the same for the remaining CDs, except for asthma where MoH had a greater expenditure than IMSS. For laboratory and other tests, IMSS had a greater expenditure level than MoH in three (osteoarthritis, asthma and CIHD) of the nine CDs (not shown in tables). With respect to kidney dialysis, MoH spent 20% (US\$ 8,546) more in comparison with the amount spent (US\$ 7,140) by IMSS.

On average, hospitalization represented the greatest annual expenditure (63%), except for CKD, where kidney dialysis contributed to 87% of the expenditure. For both health institutions, CIHD was the CD for which hospitalization represented the greatest percentage of the total expenditure, namely 94% for MoH and 89% for IMSS (not shown in tables).

Estimation of the actual financial burden due to CD {#sec021}
---------------------------------------------------

Considering the prevalence of each of the nine CDs reported and the population covered by MoH and IMSS ([Table 4](#pone.0145177.t004){ref-type="table"}), it was estimated that the MoH was responsible for providing medical care to 36.7 million CD diagnoses among its adult beneficiaries. Thus, during 2012, 14.1 million beneficiaries with one CD diagnosis demanded medical consultations, 4.5 million were prescribed laboratory and other tests, 13.1 million were prescribed medications, 2.2 million were hospitalized, and 75,900 underwent kidney dialysis. In 2012, IMSS was responsible for the medical care of 28.9 million CD diagnoses; of these, 11.1 million demanded medical consultations, 4.7 million were prescribed laboratory and other tests, 10.2 million were prescribed medications 2.2 million were hospitalized and 59,700 underwent kidney dialysis ([Table 4](#pone.0145177.t004){ref-type="table"}).

10.1371/journal.pone.0145177.t004

###### Estimated number of chronic disease in insured adults (≥20 year old) and number of insured who utilized health services in the past year, by health institution.

![](pone.0145177.t004){#pone.0145177.t004g}

                                                                      Adults prevalence (A)   \% of adults who utilized consultations in the year (B)   Estimated adults with chronic disease[\*](#t004fn002){ref-type="table-fn"}C = (A) x (adults beneficiaries)   Estimated adults who utilized medical consultationD = (C) x (B)   Estimated adults who utilized laboratory and other tests[\*\*](#t004fn003){ref-type="table-fn"}E = (D) x (% of beneficiaries who reported use of laboratory and other tests)   Estimated adults who utilized drugs[\*\*](#t004fn003){ref-type="table-fn"}F = (D) x (% of beneficiaries who reported use of drugs)   Estimated adults who utilized hospitalization in the year[\*\*\*](#t004fn004){ref-type="table-fn"}G = (C) x (% of beneficiaries who reported use of hospitalization)   Information source for prevalence and utilization of medical consultations                                                                                                         
  ------------------------------------------------------------------- ----------------------- --------------------------------------------------------- ------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------- ------------ ------------ ----------- ----------- --------------------------------------------------- ----------------------------
  Arterial hypertension                                               32%                     69%                                                       9,288,968                                                                                                    7,306,804                                                         6,409,388                                                                                                                                                                      5,041,695                                                                                                                            1,666,441                                                                                                                                                              1,865,427                                                                    5,896,637    4,688,776    464,448     438,408     \[[@pone.0145177.ref009]\]                          \[[@pone.0145177.ref063]\]
  Gastritis                                                           31%                     13%                                                       9,112,036                                                                                                    7,167,626                                                         1,184,565                                                                                                                                                                      931,791                                                                                                                              296,141                                                                                                                                                                335,445                                                                      1,149,028    885,202      455,602     358,381     \[[@pone.0145177.ref059]\]                          \[[@pone.0145177.ref064]\]
  Type 2 diabetes                                                     9%                      87%                                                       2,704,122                                                                                                    2,127,092                                                         2,339,065                                                                                                                                                                      1,839,934                                                                                                                            1,052,579                                                                                                                                                              1,011,964                                                                    2,151,940    1,692,740    162,247     148,896     \[[@pone.0145177.ref060]\]                          ENSANUT
  Irritable bowel syndrome                                            16%                     20%                                                       4,718,206                                                                                                    3,711,392                                                         943,641                                                                                                                                                                        742,278                                                                                                                              386,893                                                                                                                                                                141,033                                                                      887,023      705,165      141,546     185,570     \[[@pone.0145177.ref034]\]                          \[[@pone.0145177.ref064]\]
  Depressive disorder                                                 11%                     20%                                                       3,161,198                                                                                                    2,486,633                                                         619,595                                                                                                                                                                        487,380                                                                                                                              136,311                                                                                                                                                                82,855                                                                       551,439      448,390      189,672     149,198     ENSANUT                                             \[[@pone.0145177.ref065]\]
  Chronic kidney disease[\*\*\*\*](#t004fn005){ref-type="table-fn"}   8%                      36%                                                       2,359,103                                                                                                    1,855,696                                                         839,841                                                                                                                                                                        660,628                                                                                                                              419,920                                                                                                                                                                455,833                                                                      722,263      660,628      377,456     649,494     \[[@pone.0145177.ref062],[@pone.0145177.ref067]\]   \[[@pone.0145177.ref067]\]
  Osteoarthritis                                                      11%                     25%                                                       3,096,323                                                                                                    2,435,601                                                         770,984                                                                                                                                                                        606,465                                                                                                                              192,746                                                                                                                                                                388,137                                                                      770,984      497,301      185,779     97,424      \[[@pone.0145177.ref058]\]                          \[[@pone.0145177.ref068]\]
  Chronic ischemic heart disease                                      3%                      40%                                                       807,993                                                                                                      635,576                                                           323,197                                                                                                                                                                        254,230                                                                                                                              161,599                                                                                                                                                                134,742                                                                      323,197      238,977      145,439     152,538     ENSANUT                                             \[[@pone.0145177.ref069]\]
  Asthma                                                              5%                      46%                                                       1,503,928                                                                                                    1,183,006                                                         687,295                                                                                                                                                                        540,634                                                                                                                              213,062                                                                                                                                                                362,225                                                                      632,312      448,726      135,354     94,641      \[[@pone.0145177.ref061]\]                          \[[@pone.0145177.ref066]\]
  Total                                                                                                                                                 36,751,877                                                                                                   28,909,427                                                        14,117,572                                                                                                                                                                     11,105,036                                                                                                                           4,525,692                                                                                                                                                              4,777,661                                                                    13,084,823   10,265,903   2,257,544   2,274,550                                                       

Source: Own processing. Notes: CD = chronic disease; CKD = chronic kidney disease; ENSANUT: Mexican National Health and Nutrition Survey;

\* = MoH adults population coverage = 29.4 million; IMSS population coverage = 23.1 million;

\*\* = based on information located in [Table 1](#pone.0145177.t001){ref-type="table"};

\*\*\* = based on information located in [Table 2](#pone.0145177.t002){ref-type="table"};

\*\*\*\* = 3% of the adults (both health institutions) with CKD are undergoing dialysis (Secretaría de Salud de Mexico (2014) Tratamiento sustitutivo de la función renal. Diálisis y hemodiálisis en la insuficiencia renal crónica. México: SS. 59 p.) For MoH 75,963 insured are under kidney dialysis, in the case of IMSS the insured are 59,753.

The financial burden from CD medical care to MoH and IMSS beneficiaries was US\$ 1.42 billion and US\$ 3.96 billion, respectively. From the perspective of expenditure categories, in MoH, kidney dialysis represented 45% of the total CD financial burden, whereas 26% was due to medical consultations, 25% to hospitalization, 2% to laboratory and other tests, and 1% to drugs. Regarding IMSS, 48% of the total CD financial burden was due to hospitalization, 40% to medical consultations, 11% to kidney dialysis, and 1% to laboratory and other test and drugs, respectively. CKD, arterial hypertension, type 2 diabetes, and CIHD accounted for most of the CD financial burden of both institutions, amounting to 88% at MoH and 85% at IMSS ([Table 5](#pone.0145177.t005){ref-type="table"}).

10.1371/journal.pone.0145177.t005

###### Financial burden of chronic disease (USD for 2014), by health institution.

![](pone.0145177.t005){#pone.0145177.t005g}

                                                                    Actual financial burden (A) + (B) + (C) + (D)   Annual expenditure due to medical consultation (A) = (consultation expenditure per person per year[\*](#t005fn003){ref-type="table-fn"}) x (adults who utilized medical consultation[\*\*](#t005fn004){ref-type="table-fn"})   Annual expenditure due to laboratory and other tests (B) = (laboratory and other tests expenditure per person per year[\*](#t005fn003){ref-type="table-fn"}) x (adults who utilized laboratory and other tests[\*\*](#t005fn004){ref-type="table-fn"})   Annual expenditure due to drugs (C) = (drugs expenditure per person per year[\*](#t005fn003){ref-type="table-fn"}) x (adults who utilized drugs[\*\*](#t005fn004){ref-type="table-fn"})   Annual expenditure due to hospitalization (D) = (hospitalization expenditure per person per year[\*](#t005fn003){ref-type="table-fn"}) x (adults who utilized hospitalization[\*\*](#t005fn004){ref-type="table-fn"})                                                        
  ----------------------------------------------------------------- ----------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------ ------------ ------------ ------------- ---------------
  Arterial hypertension                                             269,861,254                                     831,947,549                                                                                                                                                                                                                    179,462,871                                                                                                                                                                                                                                              610,045,037                                                                                                                                                                               8,332,205                                                                                                                                                                                                               5,596,281    5,896,637    9,377,552    76,169,541    206,928,679
  Gastritis                                                         43,474,434                                      126,487,820                                                                                                                                                                                                                    18,953,034                                                                                                                                                                                                                                               89,451,978                                                                                                                                                                                592,282                                                                                                                                                                                                                 670,890      1,149,028    885,202      22,780,089    35,479,751
  Type 2 diabetes                                                   99,124,457                                      380,889,914                                                                                                                                                                                                                    60,815,702                                                                                                                                                                                                                                               294,389,495                                                                                                                                                                               12,630,954                                                                                                                                                                                                              7,083,747    2,151,940    1,692,740    23,525,861    77,723,932
  Irritable bowel syndrome                                          19,259,718                                      109,775,562                                                                                                                                                                                                                    16,041,901                                                                                                                                                                                                                                               84,619,745                                                                                                                                                                                773,786                                                                                                                                                                                                                 141,033      887,023      705,165      1,557,008     24,309,620
  Depressive disorder                                               27,935,129                                      145,992,503                                                                                                                                                                                                                    16,109,466                                                                                                                                                                                                                                               85,778,887                                                                                                                                                                                136,311                                                                                                                                                                                                                 82,855       2,205,758    2,241,948    9,483,594     57,888,813
  Chronic kidney disease[\*\*\*](#t005fn005){ref-type="table-fn"}   825,047,618                                     1,693,484,493                                                                                                                                                                                                                  29,394,425                                                                                                                                                                                                                                               198,848,978                                                                                                                                                                               7,978,487                                                                                                                                                                                                               8,660,831    722,263      660,628      137,771,621   1,058,674,662
  Osteoarthritis                                                    34,364,539                                      93,317,333                                                                                                                                                                                                                     18,503,625                                                                                                                                                                                                                                               66,711,117                                                                                                                                                                                385,492                                                                                                                                                                                                                 2,716,962    1,541,969    994,602      13,933,453    22,894,651
  Chronic ischemic heart disease                                    67,822,917                                      456,084,207                                                                                                                                                                                                                    6,463,943                                                                                                                                                                                                                                                72,201,426                                                                                                                                                                                969,591                                                                                                                                                                                                                 1,886,389    323,197      955,906      60,066,186    381,040,485
  Asthma                                                            42,263,541                                      126,317,947                                                                                                                                                                                                                    21,306,151                                                                                                                                                                                                                                               100,557,902                                                                                                                                                                               426,123                                                                                                                                                                                                                 2,173,348    2,529,246    1,346,178    18,002,021    22,240,519
  Total                                                             1,429,153,607                                   3,964,297,328                                                                                                                                                                                                                  367,892,731                                                                                                                                                                                                                                              1,602,604,566                                                                                                                                                                             32,225,231                                                                                                                                                                                                              29,012,336   17,407,061   18,859,921   363,289,375   1,887,181,112

Source: Own processing.

Notes:

\* = the expenditure information is located in [Table 3](#pone.0145177.t003){ref-type="table"};

\*\* = the information about the adults who utilized health services is located in [Table 4](#pone.0145177.t004){ref-type="table"};

\*\*\* = includes de financial burden due to kidney dialysis, for MoH the burden is of USD \$649,180,823, for IMSS the burden is of US\$ 426,639,394.

The financial burden on the MoH of the nine CDs represented 8% of the total annual MoH health expenditure and 0.12% of the GDP. In the case of IMSS, the CD financial burden represented 25% of the annual IMSS total health expenditure and 0.32% of the GDP. Thus, the total joint CD financial burden for both health institutions was 0.44% of the GDP.

Discussion {#sec022}
==========

Herein, the expenditure due to medical care of the nine highest prevalence CDs, excluding cancer, cerebrovascular disease, arthrosis and rheumatic fever, has been estimated from the perspective of the main health providers in Mexico--the MoH and IMSS. The present study found that the annual expenditure per CD diagnosis ranged from US\$ 31 (irritable bowel syndrome at MoH) to US\$ 9,091 (CKD at IMSS). For most CDs, the expenditure driver was hospitalization and, specifically, ICU bed-days, except for CKD, were the driver was kidney dialysis. The expenditure for every CD was greater at IMSS compared to MoH. For both health institutions, the CDs contributing the most to the actual financial burden were CKD, arterial hypertension, type 2 diabetes, and CIHD. The financial burden of the CDs analyzed represents 8% and 25% of the annual MoH and IMSS total health expenditure, respectively, jointly representing 0.44% of the GDP.

The financial burden disparity between MoH and IMSS may be attributed to the unit cost difference for hospitalization and medical consultation, rather than the intensity of health services consumption. Indeed, such differences were not found to be statically significant for most CDs. The general ward and ICU unit cost per bed-day at IMSS was 1.59 and 1.33 times greater, respectively, compared to MoH unit costs, whereas with respect to medical consultations, the cost for a general physician and a specialist at IMSS was 3.8 and 5.2 times greater compared to MoH.

The present study led to significantly different findings than those reported in previous studies. Arredondo and Reyes \[[@pone.0145177.ref026]\] estimated that the financial burden for the medical care of hypertension for all public providers in 2012 was US\$ 3.1 billion, assuming all patients in need received ideal patterns of care. Herein, the total estimated financial burden for MoH and IMSS was US\$ 1.1 billion, indicating the importance of analyzing actual data rather than ideal patterns of care.

Arredondo and Reyes \[[@pone.0145177.ref024]\] also estimated the cost per diabetic patient in 2011 to be US\$ 707 if care was provided according to clinical guideline standards, a figure 62% greater than that indicated herein. Mendez et al. \[[@pone.0145177.ref047]\], using expert panel-based costing estimates, stated an annual per diabetic patient cost of US\$ 1,428, a figure 226% greater than the current findings. The differences in the estimates of these two studies further suggest that the approach used herein renders more reliable figures, at least in the case of diabetes. Cortes-Sanabria et al. \[[@pone.0145177.ref055]\], using a bottom-up costing method, estimated the cost of end-stage renal disease at US\$ 14,107, a figure 55% greater than the present finding for CKD in general, thus validating the current approach.

The present study estimated actual expenditure by specific CD diagnoses, as allowed by the currently available data, and in particular that from ENSANUT, a nationally representative survey. Expenditure for specific CDs was established by excluding beneficiaries reporting more than one CD--amounting to 23% of the total surveyed population. Total expenditure for the nine CDs was estimated from national prevalence data, thus taking into consideration the expenditure for multimorbid patients.

Despite its interesting findings, the present study has some important limitations. By relying on CD diagnosis and health services consumption data from the survey, the information used is subject to social desirability \[[@pone.0145177.ref070]\] and recall biases; both are likely to underestimate the calculated expenditures. Social desirability bias could contribute to a lack of reporting by beneficiaries with a diagnosed CD or to an underestimation of the health services consumption, whereas recall bias could lead to beneficiaries forgetting to report outpatient health services consumed in the past two weeks or hospitalization in the past year. Further, the present study relied on clinical guidelines and expert panel interpretation for the specification of the consumption of laboratory and other tests and drugs, leading to a possible over-estimation of actual provision. Nevertheless, this bias is of minor importance to the overall expenditure estimates given that laboratory and other tests and drugs expenditure represents less than 5% of the total financial burden of both health institutions. Other possible biases include the estimation of the distribution of hospital length of stay between general ward and ICU, of the consumption of kidney dialysis, and of multimorbid CD expenditure. These estimations had to rely on the reported consumption from studies that, whilst reliable, had different purposes and methodologies. However, the kidney dialysis literature was based on costing studies for each of IMSS and MoH \[[@pone.0145177.ref042],[@pone.0145177.ref043]\]. Additionally, the total expenditure incurred by multimorbid patients could be higher or lower than the estimates based on single diagnoses. The calculation of expenditure for single CD diagnoses could have biased the financial burden estimation given that the 23% of cases at the national level that are multimorbid could incur a greater expense due to poor health or a lesser expense due to efficiency gains in medical care for more than one disease.

Health service unit costs were based on institution-specific, official, updated cost schedules that are widely applied for economic transactions. However, cost schedules are not necessarily correctly estimated to ensure that institutions charge market or production costs. Indeed, some of the cost schedules used are applied by institutions to charge for services provided to patients not protected by insurance mechanisms or to fund MoH primary care and general hospital expenditures. The cost schedules used herein form the basis of most Mexican health economic studies and have been found to be reliable for diverse purposes \[[@pone.0145177.ref055],[@pone.0145177.ref071],[@pone.0145177.ref072]\].

Another limitation of this study is the assumption that all hospitalizations reported in ENSANUT for surgery and illness were related to the diagnosed CD, with a possible expenditure overestimation. To assess this possible bias, the median length of stay per CD reported by ENSANUT was compared to that per CD reported for each institution in the Automated Hospital Discharge Subsystem \[[@pone.0145177.ref073]\]. No significant differences were found for most CD across the two databases, suggesting that the assumption was warranted.

Conclusions {#sec023}
===========

Mexico is undergoing a rapid epidemiological transition, with CDs already occupying the first ranks in morbidity and mortality. Indeed, the financial burden by the two main health institutions of the country reflects this epidemic. The annual expenditure per patient reported herein is not as high as that projected in other studies assuming ideal patterns of care, suggesting that health institutions are facing a large, unmet need due to both undiagnosed illness and under-treatment.

Health institutions should improve health promotion and disease detection, diagnosis, and treatment to ensure primary and secondary prevention. Prevention measures should focus in cost-effectiveness analyses of alternative prevention and treatment pathways to identify the most efficient alternatives and synergistic patterns of health care organization. Integrated health services with the most synergetic arrangements should be sought across diseases with common risk factors and treatment pathways \[[@pone.0145177.ref074]\]. Costing studies should form an essential component in the design of such interventions \[[@pone.0145177.ref075], [@pone.0145177.ref076]\].

Further research is required to assess the reliability of the unit costs of the main health institutions in Mexico. The present study suggests the need to develop bottom-up costing studies to assess comparability and reliability. National health surveys should be more specific with regard to CD diagnoses. Further studies should also be undertaken to establish the disease stage at diagnosis in order to more accurately ascertain expenditure. With these approaches, costing for cancer should be undertaken. Future studies should also estimate the cost of CDs from the societal perspective in order to achieve a more complete view of the financial burden generated by CDs. Finally, costing studies of multiple CD beneficiaries are also a necessity for stakeholders in Mexico.
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